Photoperiod affects many aspects of plant growth and development including flowering, vegetative growth, and dormancy (19, 26) . In woody plants, dormancy and cold acclimation are initiated or accelerated by a SD photoperiod ( 12, 26, 28) . Woody plants exposed to SD conditions also display numerous metabolic changes, including an increase in ribosomal RNA and water-soluble and membrane-bound proteins (5) . The initiation of woody plant dormancy and cold acclimation appears to be mediated by phytochrome (10, 27) . Although altered gene expression has been proposed to be involved in SD initiation ofcold acclimation (28) , little knowledge exists as to the effect of photoperiod on the expression of specific genes in woody plants.
Recently, a group of proteins, termed BSPs,2 has been reported in Malus (14) , Sambucus and Robinia (13) Acer, Salix, and Populus (31) . BSPs accumulate in protein storage vacuoles ofthe inner bark parenchyma during autumn and winter (3, 4, 21, 31) . During spring shoot growth, the protein storage vacuoles are replaced by a large central vacuole and BSPs disappear or are reduced to low levels (3, 4, 32) . The regulatory mechanisms controlling the accumulation of BSPs and the function of BSPs are currently unknown. Because the accumulation of BSPs coincides with the induction of vegetative dormancy and cold acclimation, determining the regulatory mechanisms controlling the accumulation of BSPs may help to establish the molecular mechanisms of dormancy development and cold acclimation.
In this paper we demonstrate that poplar BSP accumulates in plants during a SD photoperiod, and this accumulation is correlated with changes in the pool of translatable mRNA. The accumulation of BSP may represent an early event in the initiation and development of vegetative dormancy in woody plants. Proteins from SDS-PAGE were transferred to nitrocellulose (Transblot, Bio-Rad) in 25 mM Tris, 192 mm glycine, and 5% methanol at 12 V for 45 min using the Genie electrophoretic blotter (Idea Scientific, Corvallis, OR). The protein blots were blocked for 1 h at room temperature with 3% gelatin in TBS. The blots were then washed in TBST and incubated overnight at room temperature with a 1:5000 dilution (in TBST containing 1 % gelatin) of BSP antiserum. The blots were washed in TBST and incubated for 1 h with a 1:3000 dilution (TBST containing 1% gelatin) of goat anti-rabbit alkaline phosphatase-conjugated IgG (Bio-Rad, Richmond, CA). Cross-reacting proteins were visualized with nitroblue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate (20) .
MATERIALS AND METHODS

RNA Isolation and in Vitro Translation
Total RNA was isolated from bark tissue essentially as described by Hughes and Galau (6) except that after isopropanol precipitation the nucleic acid pellet was resuspended in extraction buffer and the RNA was pelleted through a 5.7 M CsCl cushion at 247,000g for 4.5 h (Beckman Ti70. 1 rotor).
The RNA pellet was washed twice with 40C 70% ethanol, air dried, resuspended in diethyl pyrocarbonate-treated sterile double-distilled water, and stored at -70'C. Poly(A)+ RNA was purified by cellulose d(T) affinity chromatography (20) .
For each treatment approximately 1 mtg of poly(A)+ RNA was translated in vitro using a rabbit reticulocyte system in the presence of [355]methionine according to the manufacturer's instructions (DuPont-New England Nuclear Research Products, Boston, MA). For analysis of in vitro translation products, equal amounts of TCA-precipitable counts (75,000 cpm) were added to an equal volume of 2x lysis buffer (9), held in boiling water for 5 min, and subjected to SDS-PAGE (9) using 7.5 to 20% linear gradient acrylamide slab gels. Fluorography was performed with Kodak XAR-5 film according to the sodium salicylate method of Perbal (17) .
Immunoprecipitation
Equal TCA-precipitable counts (500,000 cpm) of the translation products were immunoprecipitated using 7. (20) . Controls using the same amount ofpreimmune serum were always included. The immunoprecipitates were analyzed by SDS-PAGE and fluorography as described for the in vitro translations.
RESULTS
Effect of SD Conditions on BSP Accumulation
The SD induction of poplar BSP was examined by growing plants in controlled environment chambers in either LD (16 h of light) or SD (8 h of light) conditions. Low levels of the 32-kD BSP were detected in LD-grown plants during the 24-d experiment (Fig. 1, lanes 1-4) . After 10 d of exposure to SD conditions an increase in the relative abundance of the 32-kD BSP was detected (Fig. 1, lane 6) . Further exposure to SD conditions resulted in a large increase in the relative abundance of the 32-kD BSP (Fig. 1, lanes 7 and 8) . To quantify the relative increase in the 32-kd BSP, the SDS protein gels were analyzed using digital imaging. From this analysis, it was determined that the relative abundance of the 32-kD BSP ranged from 3.1 to 8.8% of the total soluble bark proteins in plants grown in LD conditions (Table I) (Table I) .
Protein gel blotting was used to further characterize the accumulation of BSP. Polyclonal antiserum to the 32-kD BSP was used, and a low level of the 32-kD BSP was detected in blots of soluble bark proteins from all LD treatments (Fig. 2,  lanes 1-4) . In contrast, the amount of BSP in the bark of SDgrown plants increased after 10 d, and high levels of BSP were detected after 17 and 24 d of SD conditions (Fig. 2, lanes  5-8) .
To ensure that the response observed using controlled environmental chambers was consistent with the accumulation of BSP under natural conditions, soluble bark proteins were extracted from field-grown plants of the same clone and analyzed by SDS-PAGE (Fig. 3) and protein gel blots (Fig. 4) . A similar pattern of accumulation of BSP was observed (Fig. 5, lanes 2 and 4) , whereas the corresponding LD treatments appeared to lack this translation product. Immunoprecipitation of the translation products with BSP antiserum revealed two translation products which migrated with an Mr of 32,000 and 34,000 from plants grown in SD conditions for 17 and 24 d (Fig. 5,  lanes 6 and 8) (Fig. 7) . In addition, a second less abundant protein was also detected at about 34 kD.
DISCUSSION
In the work reported here, we examined the induction by SD conditions of the poplar 32-kD BSP using SDS-PAGE, protein gel blots, and in vitro translations. Changes in the relative abundance of the poplar BSP were detected after 10 d of exposure to SD conditions. After 17 d of SD exposure, high levels of poplar BSP were detected. In contrast, poplar plants grown in LD conditions either fail to accumulate or contain low levels of BSP. Although changes in BSP levels were detected after 10 The results of in vitro translation studies revealed that the accumulation of BSP was correlated with changes in the population of translatable mRNA. Two translation products (i.e. 32 and 34 kD) were detected by immunoprecipitation after 17 and 24 d of exposure to SD conditions. The relative abundance of the 32-kD translation product increased with continued SD exposure, whereas the abundance of the 34-kD translation product declined with continued SD exposure. These differences in abundance could be due to differential induction of related genes at different stages of SD exposure. The two products may also represent the preprocessed and processed form of the protein. These results indicate that the induction of poplar BSP by SD conditions involves changes in BSP gene expression; however, the nature of the regulation of the BSP gene is currently not known.
The initiation of dormancy in many woody plants is accelerated by SDs (26) . Results from night-break experiments suggest that phytochrome is involved in the dormancy process (25, 27) . The (31) . O'Kennedy and Titus (14) have proposed two criteria that proteins must fulfill to be classified as a BSP: (a) they accumulate to high levels in dormant shoots and (b) they disappear during spring regrowth. The 32-kD BSP of poplar appears to fulfill these two criteria because it has been shown to accumulate in spherical organelles of the inner bark parenchyma during autumn and winter and decline during spring shoot growth (32) . Because BSP may function as a source of stored nitrogen and the accumulation of BSP coincides with the initiation of dormancy, it is possible that the early events of SD-induced dormancy involve the remobilization of metabolic substrates.
VSPs have also been reported in soybean (33) and potato (15) . The VSP of soybean accumulates in leaves at flowering and then declines during seed development (33) . The induction of soybean VSP appears to be related to the source/sink status for nitrogen of leaves, stem, and seed pods (23) . Immature leaves and pods serve as nitrogen sinks and contain elevated levels of VSP. As these organs mature, they become a source for N that is exported to new sinks and VSP gene expression declines (24) . In potato, the tuber storage protein, patatin, accumulates to high levels in tubers. However, the site of patatin accumulation can be redirected to aboveground stems and petioles by removing developing tubers (15) . These results combined with studies using transgenic plants (29, 30) suggest that patatin is regulated by the availability of photosynthate. in young leaves and apices, whereas mature leaves and bark fail to express BSP. During SD exposure, however, the growth of the apices ceases as does the initiation of new leaves. The sink would no longer exist and the level of BSP gene expression may increase in source tissue such as bark and mature leaves. It is known that the starch content of poplar stems is greatest during late summer and autumn and declines during winter and that starch content increases in poplar stem exposed to SD conditions (2, 11, 22) . It is currently not known when growth cessation of poplar occurs after exposure to SD conditions. Experiments with Salix (7, 8) , however, have shown that growth cessation occurs after 14 d of SD exposure. Although it is possible that SDs may regulate BSP accumulation through growth cessation and altered source/sink relations, the results of the current study suggest a direct role for photoperiod in BSP accumulation because by 10 d of SD conditions a fivefold increase in BSP occurs. However, further research will be required to determine the role of photoperiod, growth cessation, and source/sink relationships in controlling BSP expression.
These experiments show that the BSP of poplar is induced by SD exposure. 
